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(57) Abstract: 

PROBLEM TO BE SOLVED: To quickly execute 
simulation processing by a simulation device using a 
moment method for simulating a current allowed to flow 
into respective elements in an electronic equipment. 

SOLUTION: The simulation device is provided with a 
means 11 for dividing an electronic equipment to be 
analyzed into plural elements, a means 13 for 
calculating mutual impedance among elements of the 
divided electronic equipment by using the approximate 
expression of mutual impedance between mono- poles 
expressed by a multinomial of k-th power derived by 
supposing the flow of a rectangular shape current into a 
mono-pole and approximating exp(-jkr) by a 
multiplication expression between the Taylor expansions 
of exp(-jkr 0 ) and exp[-jk(r-r 0 )] (provided that (j) is an 
imaginary number, (k) is an wave number, (r) is a 
distance between mono-poles, and r 0 is a 
representative distance between mono-poles) and a 
means 15 for finding out a current allowed to flow into 
respective elements of the divided electronic equipment 



in accordance with the moment method by using the 
calculated inter-element mutual impedance. 
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|C N exp (— jkr) 4", exp (— j k r o ) ie 
x p C- j k (r - r Q ) ] OT^y— AM£t&0ftH 
St-eiflR (fat, j f±k*&, kfittHR, rtt*y«K— A' 

art-saw***, 

±eiitm*«oj|taj-f-«**iB©«Ew>'fcr— y^^«r 



5 =. L — '/a ^g(c*5V >t , 

So 

gm^ifctiu kcorti^ro^'ascf^^ns*^^— /v-w 
-r v tf — # is* zw-m-t s w t & . 

So 

fflv^vs ii.v'— i^a >-mmz&\,^x, 

t £ Kfflv^s?HJ&a#ii|it £ £S'J* team lt, 

Bo 

gtti^lftf*, exp [- j k (r-r.)) ©f^ 7- 



Bo 

20 -r>-tf— ^^^.<^>i£f6iS:d5«FOk^)fti*^S:i[©2a[ 
SKHt «r lEflrt- S IE« * . 

m^b-f > V hft*fflV^V?a V— v'a I'SS 

So 

30 *fe(C*JV^T, 

tc % exp (— j k r ) £\ exp (— j k r Q ) ie 
xp (-j k (r-r 0 )] (Dv-^f y—mm^ttD^M- 

^«*^«»©'MlilJti:«Eii5«***ae>6!l53©«ta 

50 l/->g>'t5*-^Ht*ffl^'* l ''->' a:/ 
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fc, exp (— jkr) exp (— j k to ) ie 
xp [-jk (r-r 0 ) ) to?--! =7—mffi£.b<D%k% 
t&-?i5lB. ({&U j »dEft« kttft*, r tt*>/J«— A' 
ffl©8g|tf£ x r Q tt*y>K~^IB«sf««BW tsrit 

[0 0 0 1 J 

a g * m 3bt 5 7* n it 5 A # fSHt * it 5 7 s o if =r A 
[00 0 2] *T4aMftlc^S&£ttftM& Ut, 
v>,h^5 ~ tas&io, #BBroft*-eJttb<*«l*n6J: 

So 

[0 0 0 3] i(OJ:5iteri***lcUT» *»W#6> 
ffl+Sf 3»l^VaXttf|?®«IW*W*LT*fc. £ 

[0 0 0 4] 
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[0 0 0 5] m«r#f< LT*— >^ Mfe*S3b 

riLN.Wang, J.H.Rlch 
nond and M. C. Gilreath: 'Sinusoidal reaction formula 
tion for radiation andscattering from cond-ucting 
10 surface" IEEE TRANSACTIONS ANTENNAS PROPAGATION vo 
l.AP-23 1975 J rtSfoSo 
[0 0 0 6] >" i/Salz-i's^l! 

5) *Bf*©W-Kt*an:Jto-c**"C, -?-(£>#: fcfcffis: 

[0 0 0 7] -f-fcte*,, K»LfeIfW©ti2Yytf- 

Cz„] Ci* ] = Cv, ] 
30 [0 0 0 8] > V Sjfe-C^Sf ift85f3RHJ©«2-l' 

114", *^^*/^-^*^u ^®t*y*f 

— 4^©i:filocoEi©-h^iBS^^ ^=&y rf?— yK^t* 
yjK-/u®if4ioroaj^±{r@ae^nSo rco^y 

[0009] r<^«kts -^yjK— /KD©coft#ro{4g z 

r = (z a + t 2 - 2ztoos« + h a ) 1/2 
[0 0 10] fBS-f^-tf— y^XZato— JftSCH:, 0 9 
}i^y7jf-/v.FfloggBt, Pi=(-i/jo))x(3j 

./st) % p 2 = (-l/jo) x (a j, / 5 t) 

50 ^-A'OJgftiSIMfc (!7^-V) T-feS^-g-fcPSb-f, 



(4) 
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[00 11] J x MJ 3 ft, ^Xh&K&ttSJg 

Mt'&y'jK— AKD J x = 

asE-^ytf— /K2> j i = 

WM* S tf—*'<3> Ja = 
A*© J a = 

{&U k 

dx 

d 3 

[0 0 13] rjxa>6>» ^n&tajgMBSgcSrffl^T, * 

Zi3= [jo> /i/(4 7t sinkdxsinkda)] X J I [sink(z-z 0 )s 
ink (t-t 0 ) cos 0 -cosk (z-z 0 ) cosk(t-to) ] X exp (- jkr) / r 
■ dzdt 

{SU J J : to ti z 0 *>fcz! *X?«0Sf 

Zi*= [jco ju/(4 Jtsinkdtsinkd*)] X J J [slnk(z-z 0 )s 
ink (t 2 -t) cos 0+cosk(z-Zo) cosk (t 2 -t)] X exp (-jkr) / r 

• dzdt 

t&U J I : ti4>feti zo *>6zi *-c<^S( 

Z 23 = [ja> #/(4 jc sinkdasinkds) ] X J J [sink(z 2 -z)s 
ink (t-to) cos 0 -cosk (z 2 -z) cosk (t-t Q ) ] X exp (-jkr) / r 

• dzdt 

{&u j j : to a»e> t x *t?iz, Hz 2 s-ccoa 
& 

Z a *= [j<u A /(4 7t sinkdasinkdj] X J f [sink(z 2 -z)s 
ink(t 2 -t)cos 0+cosk(z 2 -z)cosk(t 2 -t)] Xexp(-jkr)/r 

• dzdt 

(IU J J : t, *>fct a Zx z a *T'C0» 

[0014] rti^ro^ey^— ^^*B2'i'>'tr— 

Zf = Z 13+ Z 14 + Z 3 3+ Z 2 4 

SX^tf— ^v^Zs fi, El l o (r^-fj; 5 ^-fir 
BflcofBS-Y VfcT— ^Zi ?r2fi[a(^i--5r 

[ooi5] £<0fE*ftflftett, 5 fcftBfa** 



[0 0 12] ft*iifl?-ef±> *y*-^KD~ 



* 

sink(z— z 0 )/sinkdx 
sink (z 2 — z) / s i nkd a 
s ink ( t — to) /s i n k d 3 
sink (t 3 -t) /s inkd 4 

vMX)c7>g£ d 2 : tjtf— JV<®<D&% 
yU<3)C0fi£ d* : *y jK— /U@>(B|t£ 

[0 0 16] JRMH***iE&£tt-?, !/7^Va 

lj«a>*OlH|ti!!cS. *©ft6S»ttll»»t4 

5) ffifjg£Wi-fcat>fc£ 9 

[0017] ^e~> ^ hft©«SJ6raSC4r«!< B#liflte, 
5 0 

30 [0018] 

fc^-y yuffifas-O'fc'— y^Zi 31 z l4 , z a3 , 
[0019] «3fcTfi4. £©*/jK-;mws 

40 (cos 0 = 1) fc«8ffl, 2C©t; 

tK— /^i^H-f-S*^ (cos^l) Kfi20j®<kft 

So 

[0020] ic, m#m&D#mMrBtttm v 

[0 0 2 1] f*- 7a^^y^W<©^Xbr— 

50 ^^^fCOV^Tf*, ^-T-tFflCD-l'^-tf— ^V^*2fiS 



7 

[0022] r©tt*tt«»c-3V'>T» ±i&Lfc 

Zi3=[jcD/f/(4jc sinkdisinkds)] X J J [sink(z-z 0 )s 
ink (t-to) cos * -cosk (z-z 0 ) cosk (t-to) ] X exp (- jkr) / r 

• dzdt 

ffl^ (cos 0=1) f~i4, rco3££r8f@om$: 

Zi3= [j<u #/(4 7csinkdisinkd 3 )] X [ So„ J exp(-j 
ku)/u ■ du] 

Zf4n = 1 ~8 (COV^T^ingC 
Jf±a 0 „ (HIS) *>feax» (Hgtt 

[0 0 2 3] 2OC0^-y 

(cos 0*1) fc:f4 x r<£>5£&2 0 fii<oit8fe?l^{cS 

Z 13= [j<u jtt /( 4 7t sinkdisinkda)] X (£o„ Jexp(-j 
ku)/u -du+2:j3» Jexp(-jku)/u • du] 

ftlPSGQ 2l±n= 1 ~4(COV^P^l 
^JSc0Z«n= 1 ~ 1 6id^XM& 
ffi*<0 J (%St) a x„ (Hft) 

»*®j»oo» (*atat) *»6o to (*x*) * -croa 

& 

[00 24] ^-Lt, r t = j kuj tB^MSrt 
T„ Z*l<b<Dm%cm# r J e x p (-jku) /u-d 
uj 2\ 

J c o„ cl " exp(-jkr)/u • du= J Jkc o„ J " cl " exp(-t)/ 
t • dt= J Jltcl " exp(-t) A • dt- J J!cc °" exp(-t)/t 

• dt 

iau i ,kci ° tt°°*»e> j k ci„i=-etf>*i# 

[0 0 2 5] ^LT, rco#Jg4r, TfacD^sUctfco 

Jexp(-t)/t •dt=y+logt + Z[(-l)"t"/ 

(n ! n)] 

mu J 

EHn= l ~oo(;:ot^TJ!)ngL 

n = l 0~2 0Sflf©«k9igbW-J|t*tf 5riJc*6. 
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[0 0 2 6] r 1£jffi.ffi\£V£oX^& * 
»*ffla<ftS K: ft S i V" 5 BUS *> 5 , r^iiio, 

[0 0 2 7] *«Mtt*»*>«JWl»k:«*-C!te$^fc© 
10 T> iSigfc^^L'— ^aV'&SfcSgfT^S.t^tei- 
y b V y A tfeflt S fi 5 *f ft f o ^ 7 AGItttflroie 
[0 0 2 8] 

. fc*<0#«] 0 1 K*3§W<Z>lijOS#i/& 

[0 0 2 9] 5 ^ l-—^ a ViSB 1 t4, A^J 

¥«ioi, *MH#«i l k. fifil 2i, 
f 13t, 4 fc, '✓Ul'-'/a^ftl 5 

[0 0 3 0] roAMSlOB, S^iftSi^ 
30 WS^SXKl^M-f-S. fSfSl 2(4, #M#J3:l 1 

© rn^ji- s &mmn*mtrt s c 

[0 0 3 1] MCffi^ftl 3(4, ^rf-^KHflJIMMt 

fflt/iSMtbSr i'JrSfL, . Mfc, exp (-jkr) 
£\ exp (- j k r» ) i x exp (- j k ( r — r 

5c j ttdtifc. kttttft, rf4^ey7K-/uraro 

40 ffiffi, ro f4^y7K->W«75^*EgHSr-&5o 

[0 0 3 2] rro^tm^Sl 3(4, 2oro*/zK— 

[0 0 3 3] ^7h, 1 3 I4 X exp (- j 

k ( r - r o ) ] COtV ?— ®MS;coSffi U"<yVASSft 
50 58fflfcg^Hi£1g&fflSL-C, 
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[0034] iEf£#iS! i 4 £ 

lib, f-— ^^^y^rateo^-ttt, -^co^ffico 
[0035] nm^m i 3 w: % ::<0fEtt*« i 4 as#;t 

6*^5 b # l-H\ fEtgt^® 1 4 ©IElii-5^ffl*{*o 

[0 0 3 6] W'— >a l 5 tt % &mm& 1 
[0 0 3 7] r r"C\ ^0^cD->5^V— v'a Vg® 1 

£ft, f— f&mmfflc-o* h— ;u$nx**y±.X' 

[0 0 3 8] rcoi 5 ic#lj#£ft3*fg^©->5: ^-W- 

f a v»K im i 3 as* y »k— /pjcjekse 

^SfE* y xK~-/KD Ji = s i nk ( z — z 0 ) / s i 
n k d i 

WLX^y tf— A-® J 2 =sink (t-to) /s i 
n k d 3 

ffli^Sft^ey Jtf— Ji = (z-zo) /d, 

mSfc^yjK— A-@ J 2 = (t-to) /d, 

[0039] rfta>i&, *-/>K-;KJ>£ 

* y *K— a-©£ ©fflcofl s-f x — i^V* z i S ft, 

Zia= [jw 4 n;sinkdisinkd 3 )] X J 5 [sink(z-z 0 )s 
ink (t-to) cos * -cosk (z-Zo) cosk (t-to) ] X exp (- jkr) / r 

• dzdt 

{&U JI : toHt, £"Ci: z 0 Hi! ^X<DW. 
& 

Zi3=[jo> /u/(4 rcd l d 3 )] X J J [(z-Zo) (t-to) cos* - 
(l/k a )]exp(-jkr)/r • dzdt 

fit, IIIitoi^txS-eizoKz^troa 



(6) #Bfl¥ 11-15814 

10 

[0 0 4 0] SK, J(CHi#JRl3tt % 
exp (—jkr) £r„ exp (— j k r o ) i, ex 

p C- j k (r-ro)) ©f^7-SiS;i:roSSia; 

[0 0 4 1] i-ftfo*,, exp (-jkr) i 
exp (-jkr) ±? exp (- jkr o) [ 1- jk (r-r 0 ) ] 

exp (-jkr) ^ exp (-jkr o) [l-jk(r-r 0 )-k 3 (r-r 0 ) 3 /2] 

exp (-jkr) *?exp(-jkr 0 ) [l-jk(r-r 0 )-k a (r-r 0 ) a /2+jk 
3 (r-r 0 ) 3 /6] 

[0 0 4 2] r©i5(^ Sttfl¥©13tt, *yjK— 

xp [— j k r ] £r, exp (— j kr 0 ) i, exp 
C-jk (r-r») ) ©^7- ®W^i:W*StS:-C' 
rntiiJ, 

z=e -j^o [( ao +a 2 k 2 +a*k*+----) 
20 + j (aVk + a, k+a 3 k 3 + - • • •)] 

© £ £ Wtfi £ ft5* 7 *K— A-WOfflE-i' v Z 

[o o 4 3] -wm^mi sit, c»i) a-e 

^ $ *i, 5 k © fti m^^^xm $ ft s * y jk— ^wwffi 

[0044] ^©wta^si 3©jiai»a«rsw-r, 

40 mM*-£#>z> a 

[0 0 4 5] rcO<t p (CLT. ^IgB^CDV^a.W— v'a 

lt, ^ftfe<hsn©«pot6agi^fe-E~y v httfcte 

50 [0 0 4 6] I©ifijt^5^iao-C, MCtB^ai 
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3*4, [»1] a£t?*$;h,3k©ftl*«0# J S55;t?*£;ft. 

t\ ^SB*»ok«rftA-f-5* it?, 5£Rfl 

&Zo rtUCfc <0 , «4;©&5£fflt?©§?jfcffl05tll>i' 
V fcf-^x^ *#*TSf*{-3ft«)5 r <b ^"C# 5 <fc 5 K 

[0047] nm^mi 3«, * y — /kd £ * 

Z 13 =[jo n/(4 jrdxd3)]X J J [(z-z 0 ) (t-to)cos <t> - 
(l/k 2 )]exp(-jkr)/r • dzdt 

tf*£;ft5r 5f-, 2-oro*y7tf— ju» 

¥ff4t&(cos*=l) 2 00*^#— A'iSK 
^-tS^-a- (c o s * = 0) Xte, 2 o©^- / A-tfi 

r, Qtki] a. tfttUHcasstv^rt 

[0 0 4 8] gtB^ 1 3 te, 

iWSV^^fclM:, e x p [- j k (r-to)) GD^-l' 

7— mm^mm w</wu/h£ < xh$nm&&$iEx$, 

*eytf—;v(D&£&&< ?£2>{zl£oX^ e x p [- j k 
(r-r 0 ) ) ©fY 7-SHS©IM ^^^^ < 
Lfctf ft tf»fl»SfiHiEt?# ftv-* ^ 5 r <k 2r%if LT, 
exp [— j k ( r — r o ) ] (Df'J 7 -MIOSIS 

^*7bmtez>&tH®mmmzm%kmM^x, *ftk© 

So 

[0 0 4 9] faig¥£8:i 4tt, JUH^au 3^«k 

<9gfcti£ft5 CfcD ^ro^ffiat **I*U ^ft& 

tot, anesftsHtttt (#^<a ai <©sita©^ffl 
[0050] e«#fti 4«\ ncm^si 3ia 

9 2i£fcH£ft5 Oki) «««Wt8i 0 2S8»Ht«e 

itU rft^rgtfT, Htffl*«l3tt % ^©f£ig£ft5 

(ffijRttat ©J|tm©»K:fflv^JH««:i»4J|/j:si 
[0051] rcoi 5(' LT, *%#!©'>$.=>. L — -> 3 



(7) 4*«5}Zl 1-15 8 14 

12 

«3-C#B*fc:**ia«««rV5= V— 5^a V^" 

[0 0 5 2] I^Moftl^yif- y>-^co*f 

[0 0 5 3] 

jggtaiigB 2 o <D-mmm&®*-t-z. 

[0 0 5 4] rcDS^#3iJS»ffi^B2 Ofi, 

1 0/fl£i'Vfc p - : ?V;*gaU'— 

i l/*— y- i'fetfjfeA'— ^-^2 i 2/se^^iJKptai 
A— ^2 l 3 4r«rol;^3fiJK^ai^ > n ; ?'7iK2 

[0055] rr-e, rcofi^sfi«i£ffl^ , n : /7A2 

Scmgg i s r i 

30 [o o 5 6] @3{c, mMffi&mwmyv!?'5J*2 1© 

D-l^fipC, *«||l!l*i|cm^t3^5A2 1tt, 
jgft^nsi, ft-fftlOKx ^fy^l-e, Ally*--? 

jgrgg^.^, jgg< ^.7 i s'7 , 2-e, >?i/*^u-fy2 

h ife «r iS ffl -f 5 7h ft CO * x/l' *• 5 . 
[0 0 5 7] i^v^T, a^y-rsi;* 
40 ft^O^^^ScOtcDiSrloa^U, ^<^7=-i/7' 

[0 0 5 8] ^«^tt*©»#5«r3teT^r^^*^^r 
itrWBW-Ci*, i-fcbfc, ^7^s'7 , 3^StSi:?ril 

t?, ffis^xtr— y^^ata^— ^>-2 1 1 ^PftfaiL 

( i = 1 ~n, j = 1 ~n) ^^tBi"5 0 
50 [0 0 5 9] jgg^tT, ^.7 i s'7 0 6-C% *— > ^fefiffe^ 
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— ^2 1 2tr»?O t mLT. XTsf7'5X'&mi,ftft£. 

[0 0 6 0] «v>-c» *r-s':7 , 7t\ ^at>mjt£fts« 
^Sro^ib^&Jirofcro&io&tfiu jgK*^*:/ 

^MW^ioaHR^TUferfcir^WH-Si*^, ft 10 
[00 6 1] £ft*|Aa>iMR«r%7 LTWj^r 

(1) ffis^vtf- y^z X i. 

Ji = ( z — z o ) /di 

(2) fBE-rv^— y^Zoo 

J. = (-z + zi) /d, 

(3) ffiE-Y^tr— ?>z.Zoi 

J, = (- z + Zl ) /di 

(4) tas^r vtf— ^v^z 10 

J i = (z — zo ) /di 

[0066] ma^b, r^ffis-r^tf— y^^Zufc 

ov>T»W-f-**6>«, 30 
Ji=(z-Zo)/di, J a = (t-to ) /d a 

Zi,= [jco m/(4 jcdids)] X J J [(z-zo) (t-to) cos* - 
(l/k a )]exp(-jkr)/r • dzdt 

fab, J Jfito ^fet, tttzo ^6z. 4trol 

[0 0 6 7] — *\ ffiE-f^tf— ^V^Htai*— *-V2 

K&fccriBBiftSexp (- j k r) Sr, 40 
exp(-jkr) ±Fexp (-jkr 0 ) [l~jk (r-ro) ] 

exp(-jkr) ^exp(-jkro) [l-jk(r-r 0 )-k 2 (r-r 0 ) 2 /2] 

exp(-jkr) ±?exp (- jkr 0 ).[l- jk (r-r a ) -k 2 (r-r Q ) 3 /2+jk 
3 (r-ro) 3 /6] 

5) 50 



[0 0 6 2] rci5KLt, St&#5*JSSEtb7 , D;/7 
[0 0 6 3] fcfc, ffE^tf— ^J*-.**^— 

1 1 onfrf-stas/ ^f— ?>'z.<z>#ijMBm\z.<3\,->x 

§£9W-5 0 ttE^rvtf— ^^UtiHA— ^2 1 1 W\ 
[0 0 6 4] r©*/'^— /wM<offiE-i' vtr—^^© 
[0 0 6 5] £fta»e>, gtaH'Si&gw&a*/^— a- 



J 2 = ( t 



) /d: 



, Ja = (~ t + t i ) /da 
, Ja = (t-to) /d 3 
,Ja=(-t+tx)/da 

[0068] rrt% ro tt*y#— A-ra«oftg?iEH£-e 

r= (z 2 +t 2 -2ztcos0 + h a ) 1/2 
<k^5H#5£a5/£5t-t-5r #J;Uf, a» 

r o = [(zi+zo) 2 /4+(t t +to) 2 /4-cos 4> (zi+zo) (ti+to)/2 
+h 2 ] 1 ' 3 
kft£ 0 

[0 0 6 9] aSH*— *i K1*5*frfcH:, 

Zxi=[jQ) y/(4 rcdida)] X J J [ (z-zo) (t-to) cos 0 - 
(l/k 2 )]exp(-jkr)/r -dzdt 

fab, J into A^tx srtzo a^z, stroi 

exp(-jkr) ^exp(-jkro) [l-jk(r- ro)] 

Z, 1 =[(M/e) l/2 /(4 7 i ;d 1 d a )]exp(-jkro)X J J [-1+ 
(ro/r)+k 2 ((z-zo) (t-t 0 )-(z-z 0 ) (t-t 0 )ro/r)costf>-j/(k 
r)+jkcos <t> (z-zo) (t-t 0 )/r] -dzdt 
&U J I Uto ti St?izo *>5)Z. £"?(£>5ffi 
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[0 0 7 0] *3fc, iEd4r— ^2Ktt5*&tett, 
Z lx =[jo> Ai/(4 7cdid 2 )] X J J [(z-Zo) (t-t o )cos0- 
(l/k 2 )]exp(-jkr)/r -dzdt 

flU J J fit to i^ti Itizo A»6 zi *TWSf 

exp(-jkr) ^exp(-jkro) [l-jk(r-r 0 )-k 2 (r-r 0 ) a /2] 

Z 11 =[(M/0 1/ V(47cd 1 d 2 )]exp(-jkr 0 )X J f [-1+ 
(r 0 /r)+k 3 ((z-zo) (t-to)-(z-zo) (t-to)r 0 /r) cos 0 -j/(k 
r)+jk(cos0 (z-z 0 ) (t-to)/r+r/2-r 0 +r 0 V(2r))+jk 3 (-co 
s 0 (z-zo) (t-t 0 )r/2+r 0 cos 0 (z-zo) (t-t 0 )-r 0 2 cos 0 (z 
-z 0 ) (t-t 0 )/(2r))] • dzdt 

[0 0 7 1] JEfil^— ^3K«5*#K»4, 

Zn=[jco ju/(4 wdida)] X J J [(z-zo) (t-t o )cos0- 
(l/k 2 )]exp(-jkr)/r • dzdt 

exp(-jkr) ^exp(-jkro) [l-jk(r-r 0 )-k 3 (r-r Q ) 2 /2+jk 
3 (r-ro) 3 /6] 

Z x x = [ ( /i / e ) 1/2 / (4 7C di da) ] exp (- jkr 0 ) X J J[-l+ 
(r 0 /r)+k 2 (cos 0 (z-z 0 ) (t-t 0 )-r 0 cos 0 (z-z 0 ) (t-to)/r+ 
r 2 /6-r o r/2+r Q 2 /2-ro 3 /(6r))+k*(cos0 (z-zo) (t-to)r 2 / 
6-roCos 0 (z-zo) (t-to)r/2+(z-z 0 ) (t-t 0 ) cos 0 r 0 2 /2- 
(z-zo) (t-to)r o 3 cos0/(6r))-j"/(kr)+jk(cos0 (z-Zo) (t 
-t o )/r+r/2-r o +r o 2 /(2r))+jk 3 (-cos0 (z-z 0 ) (t-to)r/2+ 
rocos 0 (z-zo) (t-to)-r o 2 cos0 (z-z 0 ) (t-to)/(2r))] 
• dzdt 

{&U I I ttto 3&>& t x &X*k zo 3&>fc z i ^-CCOffi 

[0072] jLiftLfciSte:* H4fca^t-«2>r>'tf— 

Z 11 =[(M/e) 1/ V(4jrd l d 2 )]exp(-jkro)x J J [-1+ 
(r 0 /r) +k 3 ( (z-zo) (t-to) - (z-z 0 ) (t-to) r c /r) cos 0 -j7 (k 
r)+jkcos 0 (z-zo) (t-to)/r] • dzdt 
&U I Ilito ^&tx ft?tzo ^&Z! tWf 

[0 0 7 3] rft^Mt^i, 

Zn=[(/t/« ) 1/ V(4 7cdxd 2 )]exp(-jkr 0 ) X J J [-1+ 
(ro/r)+k a (zt-t 0 z-Zot+Zoto+(-zt+toZ+z 0 t-Zoto)ro/r)c 
os 0-j/(kr)+jk(zt-toZ-Zot+z o t o )cos 0 /r] • dzdt 

[0 0 7 4] HlKLt, i4{:^tM^v^^y 

Jx = (-2 + Zi)/di, J a =(-t + ti)/ 

d 3 
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Zoo= [jo> M/(4 7cdid 2 )] X J J [(z-zi) (t-ti)cos0- 

(l/k 2 )]exp(-jkr)/r • dzdt 

{&U f Ittto ^bt! ittzo *^zi 

[0 0 7 5] i&Ut—x l fc«5»^fctt, 
exp(-jkr) =^exp(-jkr 0 ) [l-jk(r-r 0 )] 

10 Zoo=[(jU/ / €) 1/ V(47cd 1 d 3 )]exp(-jkro)x I J [-1+ 
(r 0 /r)+k 2 ((z-zx) (t-ti)-(z-zi) (t-t 1 )r 0 /r)cos 0-j/(k 
r)+jkcos 0 (z-zi) (t-tx)/r] • dzdt 

[0 0 7 6] rtL£g3l-f £ 
. Z oo = [ ( M / € ) x/ V (4 * dida) ] exp (- jkro) X J J [-1+ 
(r 0 /r)+k 2 (zt-tiZ-Zit+Ziti+(-zt+tiZ+Zxt-Ziti)r 0 /r)c 
os 0-j/(kr)+jk(zt-t x z-Zit+Ziti)cos 0/r] • dzdt 
flU I Ittto Hti Stizo ^&zi 
20 #£*So 

[0 0 7 7] IHMHCL-C. BUfc^WE^ ^tf-^ 

^Zoxtt, 

Jx= (-Z+Zx)/dx, Ja= (t-to ) /d 
Zoi=[j6> A/(4 Jtdida)]X.J f [-(z-zj (t-to) COS 0 

+ l/k 2 )]exp(-jkr)/r • dzdt 

30 #£#5<> 

[0 0 7 8] ififEl-^-^- 1 fctt 5 3L*UC, 
exp (- jkr) exp (- jkr o) [ 1- jk (r-r 0 ) ] 

Z 01 = [ ( (i / £ ) 1/2 / (4 x dtda) ] exp (-jkro) X J J [l- 
(ro/^+l^^fz-zO (t-t 0 ) + (z-Zi) (t-t 0 )r 0 /r)cos *+j7 
(kr)-jkcos * (z-zi) (t-to)/r] • dzdt 
(EU f J ttto ti *-Cfczo 

[0079] rn«rsa^-5is 

40 Zoi=[(M/ / « ) 1/a /(4jrd 1 d 3 )]exp(-jkro) X f J [l- 
(ro/r)+k 2 (-zt+toZ+Zlt-Zlto+(zt-toz-Zlt+Zlto)ro/r)c 
os 0+j/(kr)+jk(-zt+t o z+Zit-zito)cos 0/r] • dzdt 

[0 0 8 0] isiaiteL-c, 

* Z xott, 

Ji=(z-Zo)/dx, Ja=(-t+t 1 )/d 

50 ftAi-5r i-C, 
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Z io = [j o> / ( 4 7C did 2 )] x J J [-(z-zo)(t-ti)cos 4> 
+ l/k 2 )]exp(-jkr)/r • dzdt 

[0081] i£fa^— * i tettStfra-teH:. rnt-, 

exp (- jkr) exp (- jkro) [ 1- jk (r~r 0 ) ] 

Z xo = [ ( 0 / e ) xy V (4 7T dxd 2 ) ] exp <- jkr G ) X J J [ 1- 
(r 0 /r)+k 2 (-(z-z 0 ) (t-t 1 ) + (z-z 0 ) (t-t x )r 0 /r)cos 0 +j/ 
(kr)-jkcos 0 (z-zo) (t-ti)/r] -dzdt 
{&U I Jttto^fcti S-eizo i^fezi S"Ccoa 

[0082] ^tizmmi-zk, 

Z io = [ ( n / t ) 1/2 / (4 n dx da) ] exp (-jkro) X J J [ 1- 
(r 0 /r) +k 2 (-zt+t xz+zot-zot x + (zt-t iz-z 0 t+z 0 t i) r a / r) c 
os £+j/(kr)+jk(-zt+tiz+zot-Zoti)cos 0/r] • dzdt 

[0 0 8 3] KlfcRWLfcri^fe^iiSl!:, 0 
Zoo, Zox, ZxoBu ffiffil^— *i let* 5 

(1) IJl/r-dzdt 

(2) J J (to z/r+zo t/r) - dzdt 

r mn~ ( Z m "t" t n 2 

a =[(1 + c o s 0) / (1 
U xi= r 1X+ z x — tx CO 

Uoi=roi+Zo ~ti co 

Vn=rn+ ti "Zi CO 

voi= roi+ to — Zx co 
q x = z x 2 s i n 2 0 + h 3 
p i = t x 2 s in 2 0 4- h 2 
zi,z,B^*->X©i« (B4) , ti, 
t a tt^/atf— /VY<D\$m (H4) , 0^y^K— A*X 

i^yj}?- ^Y£<Z>IH<^IEtt (08) -efcS^fe. 
gE&lT&So rxx, ro», r io, roott^ ^EVztf 

9. zx. z 2 , tx. t a ^feHcu-e#6o tseo-c, rr-e 
[0 0 8 6] ro*«*«5i, (1) 

J J 1/r • dzdt^xlnuxx-txlnuox-tolnuxo+tolnuoo+Zxl 
nv 1 x-Zxlnvxo-z o lnvoi+zolnvoo-C(h/*sin0 *)] [tan 
" 1 (a/(rn+ti+zi)-tan _1 (a/(rio+to+Zi)-tan _1 (a/(r 
ox+tx+z 0 )+tan " 1 (a/(roo+to+Zx)]-2a[tan -1 (a/(rxi-t 
i-zi))-tan " 1 (a/(rxo-to-zi))]+2a[tan ~ A (a/(roi-ti- 
zo))-tan " 1 (a/(r 0 o-t 0 -zo))] 
{lb. *sin0* tt|ft*Hfi. 

[0 0 8 7] rco«»*«5i, (2) 

J J (toz/r+zot/r) • dzdt=[(to+zocos 0)/sin 2 0][J 
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*{&U ^7 tK— /KOj|B*-fi-to-a:K «t 5, t 0 ->tx.z 0 

-» Z x 

(3) Hzt/r'dzdt 

(4) f Jzt-dzdt 

(5) Mz-dzdt 

(6) Jlt'dzdt 

(7) J J d z d t 

10 (8) Ifr »dzdt 

(9) IJztr - dzdt 

(10) J ' J (to zr + zo zr) - dzdt 

IU ^/^/^I^^i^ to^tx.Zo 
-> Z i 

[0 0 8 4] rtufeastB«BB»fci5imc-c#s 

riteoV^TKWi-8o (4)(5)(6)(7) 

20 ^ 2o^^t ;^-;v«it5f ^ ( c o s 0 ^ l ) 

[0 0 8 5] 5 ft3£a4ri"So 

z m t„ c o s 0H-h 2 ) 1/2 
-cos*)] 1/2 

S 0 , U io= r xo+ Zx _ to COS 0 
S 0 , Uoo= r oo+ Zo "to COS0 

s0, Vio=rio+ ti - Zocos0 
s 0 , voo= r oo+ to — zo cos0 
. , qo = zo 2 s i n 2 0 + h 2 
, Po = t o 2 s i n 2 0 + h 2 

J (z-tcos 0)/r - dzdt] +[ (zo+tocos 0 )/sin 2 0 ] [ S 
J (t-zcos 0)/r * dzdt]=[(to+z 0 cos 0 )/sin 2 0 ] [cos 
0 Zx(rxi-rxo)/2+cos 0 Zo(r 0 o-r 0 i)/2-tx (rxi-r Q i)/2 
-to (roo-r xo) /2- (qx In (vn/v lo ) ) /2+ (q 0 ln (v D x/ v 00 ) ) / 
2]+[ (to+zocos 0 )/sin 2 0 ] [cos 0 t x (rxx~roi)/2+cos 
0to(roo-rio)/2-zx(rxi-rxo)/2-Zo(roo-r O x)/2-(pxln 

(Uxx/Uoi) ) /2+(poln(Uxo/Uoo) ) /2] 

40 [0 0 8 8] r03£»*:tt5 (3) 

J Jzt/r • dzdt=[cos0/3][tx 3 ln(uxi/uox)+to 3 ln(uoo/ 
Uxo)] + [cos 0/3] [ zi 3 ln(vxi/vxo)+zo 3 ln(voo/vox)] + 
[2h 3 cos0/(3*sin 0* 3 )][tan " 1 (a/(rn+ti+Zi))-tan 
"Ma/^xo+to+ZxJJ-tan ~ l (a/(r O i+tx+z 0 ))+tan _1 (a/ 
(r oo+to+z 0 ) ) ] + [z x 2 (r x x-r xo) /3+z 0 a (roo-roO /3+t x 2 (r 
x!-rox)/3+to 2 (roo-r xo)/3] + [h 2 /(3sin 2 0)] [thTio- 
roi+roo] 

fiU *sin0* »4!|ft*Ht 
50 [0 0 8 9] *7h. rcO^S4:ffi5i:> (8) fttt. 
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S Sr ■ dzdt=[-cos <t> /6] [z x 2 (rix-r 10 ) + Zo 2 (r 0 o-r 0 i) 
+ti 2 (rn-rox)+to 3 (roo-rio)] + [(zitirn-zitorio-zoti 
roi+Zot o r O o)/3]-[2h 3 /(3*sin0*)] [tan _1 (a/(r lx +ti+ 
zOMan _l (a/(rio+to+zi))-tan _1 (a/(roi+ti+zo))+t 
an - 1 (a/(roo+to+z o ))] + [h 2 t 1 /2+t 1 3 sin 2 0/6][ln(u 11 / 
uoi) ] + [h 2 to/2+to 3 sin 2 0 /6] [ln(uoo/u 10 ) ] + [h 2 zi/2+Z! 
3 sin a 0 /6] [ln( Vll /v 10 ) ]+[h 2 z 0 /2+Zo 3 sin a 0 /6] [ln(v 

oo/voi)] 

{&u *sin0* ttiftatfi 

[0 0 9 0] r<D*gHC«5i:, (9) 

JJztr • dzdr=[ti s sin 2 0 cos 0 /10+h 2 ti 3 cos 0 /6] 
[ln(u 11 /uoi)] + [to°sin 2 0cos 0 /10+h 2 t 0 3 cos 0 /6] [In 
(u 0 o/u 10 )] + [zx s sin 2 0 cos 0 /10+h 2 Zx 3 cos 0 /6] [ln(v 
ii/v 10 ) ]+[zo e sin 2 0 cos 0 /10+h a z o 3 cos 0 /6] [ln(v 00 / 
voi)] + [l/15-cos 2 0/lO][(ti 4 +zi 4 )rii-(to*+Zi 4 )r lo - 
(t 1 4 +Zo 4 )rox+(to 4 +z o 4 )roo]-[cos0/3O][(z 1 t 1 3 +z 
i 3 ti)rn-(zito 3 +zi 3 to)rao+(zoti 3 +zo 3 ti)roi-(zoto 3 + 

Zo 3 to) Too] + [2/15] [Z^t^rxi-Zx^o^xo-Zo^^roi+Zo 

2 to 2 roo] +[2h a /15] [(t 1 a +zx a )rn-(to a +zi s, )rio-(ti a + 
zo 2 )r 0 i+(to 2 +z 0 2 )roo] +[h 4 /(15sin a 0 )] [rirr 10 -r 
oi+roo] +[2cos 0h 3 /(15*sin0* 3 )] [tan " l (a/(ru+ti 
+z x ))-tan _1 (a/(rio+t 0 +Zi))-tan _1 (a/(roi+ti+z a >)+ 
tan _1 (a/(r 0 o+to+zo))] 
fib, *sin0* ttlft^tfi 

[oo9i] r<z>£*teflE5 do) sea, 

J J (tozr+zotr) ■ dzdr=[(to+z 0 cos 0 )/(3sin 2 0 )] X 
[ (1/4) r u 3 (t x-zicos 0 ) + (3q»/8) r» (t i-zicos 0 ) + (3q 
i 2 /8)lnvn-(l/4)rio 3 (t o -zicos0)-(3qi/8)rio (t 0 -zic 
os 0 )-(3q! 2 /8) lnv 10 -(l/4)r 0 i 3 (ti-z 0 cos 0 )-(3q x /8) 
r Q i (t i-zocos 0 ) - (3q 0 2 /8) lnvo i+ (1/4) r 00 3 (t 0 -z 0 co s 
0 ) + (3qi/8) r 0 o (to~zocos 0 ) + (3qo 2 /8) Invoo] + [ (zo+t o 
cos 0 )/(3sin 2 0 )] X [(l/4)rix 3 (z l -tiC0S 0 ) + (3pi/8)r 
n(zi-t a cos 0 ) + (3p 1 2 /8)lnuii-(l/4)r O i 3 (z o -tiC0s 
0 ) - (3pi/8) r 0 i (zo-t i cos 0 ) - (3px 2 /8) lnuoi- ( 1/4) r 1Q 
3 (zi-t 0 cos 0 )-(3po/8)r 10 (zi-t 0 cos 0 )-(3p Q 2 /8) lnu 
io+(l/4)r 0 o 3 (z 0 -tocos 0 ) + (3po/8)r 00 (z 0 -t 0 cos 0 ) + 
(3p 0 2 /8) lnuool 

[0 0 9 2] rcDi 5 i-Lt, 2oc0*/jtf— ^dS&IS 

-tzm& (cos 0*1) \a*. m4\c&i-*sti—A' 

ii, Zoo Zoii Ziofi> %J} 

[00 9 3] 2 oco^e y ^*Sspff*»-& ( c 

os 0=1) kov^»8JW~So r C O S 0 = 

u t?*>5ri^b, r r = ((z- t) 2 +h 2 )j is^i 

[0 0 9 4] jJcoJ:5*fi«4:-J"8o ±»Lfc£5fc\ 
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Un=ru+2i - ti , u io= r ioH- z x — t 0 
Uox = roi + Zo — ti, Uoo = r oo*4* z o to 
Vn= ru+ ti - zi, Vio == rio+to~Zi 

Voi- Toi+ t i — Zoj V oo — r oo+ t o "Zo 

z&jzmz&ok, (i) 

I J 1/r • dzdt=tiln(uii/u 01 )+toln(uoo/uio) +ziln(u 
1 1 /u i o ) +z o In (uoo/uo x ) +r 1 1 -r i o ~r o i+r 00 

[0 0 9 5] r<03e«**5i, (2) i££«f/& 

10 r J J t/r • dzdtj ft, 

J Jt/r • dzdt=(ti 2 /2)ln(un/uoi) + (to 3 /2)ln(uoo/u 
io)+(z 1 a /2-h 2 /4)ln(vx 1 /v 10 )+(zo 2 /2-h 2 /4) ln(v 0 o/ 
v 0 i) + (3zi/4) (rn-r 10 ) + (3z 0 /4) (r 0 o-r 0 i) + (ti/4) (r xl - 
r 0 i) + (t 0 /4) (roo-rio) 

[0 0 9 6] r<03e««r«5fc, (2) 

-f5 r J J z/r • dzdtj tt, 

J J z/r • dzdt=(zx 2 /2)ln(vi 1 /v 10 )+(zo 2 /2)ln(voo/v 
oi ) + (t i a /2-h a /4) In (ui i/uoi) + (to 2 /2-h 2 /4) In (u 00 / 
20 Uio) + (zi/4)(ri i - rio) + (zo/4) (roo~roi) + (3ti/4) (rn-r 
) + (3t 0 /4) (roo-rio) 

[0097] *fc, r^iM5t^ (3) 

I J zt/r • dzdt=(zi 3 /3)ln(vi 1 /v 10 )+(z 0 3 /3)ln(voo/v 
oi ) + (t i 3 /3) In (ui i/uo i) + (to 3 /3) In (uoo/u io) +r 1 1 ( (4t i 
2 /9) + (4 Zl 2 /9) + (z 1 1 x/9) + (h 2 /9) ) -r „ ( (4t o 2 /9) + (4 Zl 2 / 

9) + (zxto/9) + (h 2 /9) ) -r 0 i ( (4t i 2 /9) +(4z 0 2 /9) + (z Q t x /9) 
+ (h 2 /9) ) +roo ( (4to 2 /9) + (4zo 2 /9) + (z 0 t 0 /9) + (h 2 /9) ) 

30 ro£i^5i, (8) ari, 

J ir • dzdt=(h 2 t 1 /2)ln(u 1 i/uoi) + (h a to/2)ln(uoo/u 

10) + (h 2 zi/2)ln(vn/vio) + (h a zo/2)ln(voo/voi)-(l/6) 
[zi 2 (rii-rio)+zo 2 (r 0 o-roi)+ti 2 (rii-r 0 i)+to 2 (r 0 o~r 
io)]+(l/3) (rnZiti-rioZito-roiZoti+rooZoto) + (h 2 /3) 
(r i i-r i o -r 0 i+r 0 o ) 

[0 0 9 8] ^03S«|C«5i:, (9) 

f Jztr ? dzdr=(-l/30)[zi 4 (rn-rio)+Zo 4 (r O o-roi)+t 
x 4 (rii-r O i)+to 4 (r oo -rio)]-(l/30) [z 1 t 1 (zi 2 +t 1 2 )r xl - 
40 zito(zi 2 +to 2 )rio-z 0 ti(zo 2 +ti 2 )roi+zoto(zo 2 +to 2 ) 
r 00 ] + (2/15) [zi a t x 2 r i x-z i 2 t 0 2 r xo-z 0 2 t i 2 r 0 x+z 0 2 t 0 2 r 
oo]+(h 2 /45) [zitirii-zit 0 rio-zotiroi+zot 0 r 0 o]+(7h 2 / 
45) [z! 2 (r i i-rio)+z 0 2 (r 0 o-r 0 x)+t x 2 (r x i-r ol ) +t Q 2 (r 00 
-rio)] + (h 2 /45) [rii-rio-roi+Too] + (h a ziV6) ln( Vll /v 
xo ) + (h 2 z 0 3 /6) In ( voo/voi ) + (h a t x 3 /6) In (u x i/u 0 i ) + (h a t 
o 3 /6)ln(uoo/uio) 

[0 0 9 9] ^<D^.m^0 k, (10) ^«r«^ 

irS> r J J tr • dzdrj f4. 
50 J J tr • dzdr=(h 2 z 1 2 /4)ln(v 1 i/vio) + (h 2 z 0 2 /4)ln(voo/ 
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v 10 )+(h a t 1 a /4) ln(u 11 /uoi)+(h a t 0 a /4) lnCuoo/uto)-^ 
/16) ln(v O0 Vxi/(voiVio))-(l/24) [z 1 3 (r 11 -r 10 )+zo 3 (r 
oo-roi)]-(l/8) [t 1 3 (r 1 i-roi)+to a (roo-rio)]-(l/24) [z 
i 2 tirn-z l 3 torio-zo s tiroi+Zo 3 tor 0 o] + (5/24) [zxtx 2 r 
n-Zito 2 rio-Zoti a r Q i+Zoto 3 roo] + ( 13/48) h 2 [ Zl (r X i-r 
io)+z 0 (roo-r 0 i)]+(l/16)h 2 [ti(r l i-roi)+to(roo-rio)] 

tmznzo -rttt>*>* s. 

[o i oo] i©xE«K«5i» do) ft*** 

r J J zr • dzdrj f±, 
S $ zr • dzdr=(h 3 zi 2 /4)ln(vn/v 1 o) + (h 2 zo 2 /4)ln(voo/ 10 
voi) (h'HxV^lnfaxi/iioO + O^to"/^ ln(u 00 /uxo) + (hV 
16) In (vu voo/ (voxvio) ) - (1/24) [t x 3 (r x ,-r.i ) +to 3 (roo 
-r 10 )]-(l/8) [z 1 3 (r 11 -rxo)+Zo 3 (roo-roi)]-(l/24) [zxt 
i a r x x -zito 2 rxo-zot x 3 rox+z 0 to 2 r 0 o ] + (5/24) [zx 2 t xr x i~ 
Zx 3 t 0 rxo-Zo 3 tirox+Zo 2 toroo]+(l3/48)h a [ti(r 1 i-r 0 x)+ 
to (roo-r xo) ] + ( 1/16) h 2 [zx (r x x -rxo) +zo (r O o-r 0 x) ] 

[oioi] rcoj: 5(-bT. 20©*; As&Wft 

ft^-a- (c o s * = i) let. in 4 tc^f--* y A-w 

rota2-Y ^ f— /y^Zi,, Zoo, Zox, Ziote, 20 
[0102] K±|c»WUfcc:t*ll*W-«i, Hk<DX 
*tmAr- fy2 1 1 fi, ^yzK— /uicHAJgttBBJS© 

tBS-Y ~yy£— y^xcD&.m&co'Plz'St.hZe x p (- 

j 'k r ) 3r, exp (— j k r o ) t, exp (— j k 

(r-r.) ) ©f>f 9H»Mft£©*J!fct"?3aElLo 

[0 1 0 3 ] r<75i:#jgm£*l-5^/>tf— sl'fflcDttS.'f 30 
Vfcf— y^f± v «A«, exp (-jkr) 
exp(-jkr) ±?exp(-jkr 0 ) [l-jk(r-r 0 )-k a (r-r 0 ) 2 /2+jk 
3 (r-ro) 3 /6] 

Z xx = [ ( fi / £ ) 1/a / (4 re dxd 2 ) ] exp (-jkr Q ) Xf { [-1+ 
(ro/r) +k 3 (cos 0 (z-z 0 ) (t-to)-rocos * (z-Zo) (t-to)/r+ 
r 2 /6-ror/2+r 0 2 /2-r 0 3 /(6r))+k*(cos * (z-z 0 ) (t-to)r 3 / 
6-roCOs 0 (z-Zo) (t-to)r/2+(z-zo) (t-to) cos 0 r 0 a /2- 
(z-Zo) (t-t o )r o 3 cos0/(6r))-j/(kr)+jk(cos0 (z-z G ) (t 
-to) /r+r/2-r 0 +r 0 2 / (2r) ) + jk 3 (-cos * (z-zo) (t-t D ) r/2+ 40 
r 0 cos 0 (z-zo) (t-to) -r 0 2 cos 0 (z-Zo) (t-to) / (2r) ) ] 
• dzdt 

[0104] £0Hft£>Mfctttt<. *J*B8WcJ:5«Wf 

^jttaiA'— ^-^2 1 iB, «*i*«i*ft-3T, mm 

[0 10 5] 3Efc»M-f"6*fotf» rno*/>J«-/HW<o 50 
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Z= e - Jtor ° [(80+8.2 k 2 +a 4 k* + ) 

+ j (a-x/k + ax k+a 3 k 3 + • • • • )] 

iv*5J:3te, ttftk0ffi£?MH£ftSHfl^:R*r*r 
L-CV»«. fto-C, r©ft{c, AjBrtB4r»ok4rftA-f- 

[0 10 6] W", H5^V^L.0 7{r^-ftBS-l'>'ti'— 
y ^^tUA— ^ 2 1 i<o3Sfr$-58Hl7P— ©—H 

[0 10 7] ftS-T^tf— ^X^HttfiA— ^-^2 1 1 

[0 10 8] Z<o£o\cl,X&Wi£ti?>i:, «2-f vtf 

— yV^tttA-— 9^2 lilt S'i'a.-ffcSJWfcR* 

Lfc2^©B*IB©ttJ>f*:'fcr-y:'***W (PWir 
fficoffi2-r^tf— ^y^tov>t(4, >W«2 

/ >k— A'Mtts-r f tf-y 2 ra4H-s r. t -cut 

[0 10 9] *r-e, r.<£>0 5<©*Q:?i:7n— "Cft, fI2 

-r^tr-y^^^ai/u-^v2 1 ib, 

i^ttriSi lt, 20©*/*-^ 

ffi©i# (00 s 0 = 1) fc^/ztf— /HWtlE'i' vtf 

-?>*<D&m!&m\cm^z>'&&-7uir7 0 o 

2 0©t/ jK— /Ui^iff^-^S (cos 0 = 0) t-^E- 
m&-tZk% (cos 0=^1,0) fc^eyzK— /MHJfBS-f 

[0 110] r^gCffl^nj/^AS 0 Ott, ±1*1.^* 

o^Atfei), r c o s 0=i fc i,oj *mriit-#-sr«t 

/7A3oitt, ±^Lfe^y7K— AWtBS^^tr— y 
^<D^t^^a ! a¥ ; llK{c^5v^-c, r c o s 0 = oj *h?iis 

fctSi ^"Cf^fiK^tl-S^'ny^AX'fo!?, f C os0 

3 0 2 i 9 t ) »'il"i:^7 , ni^7A^f!/7'fifil^ 
[0 111] fB2-Y^tf— /y^Iffl^-fy2 1 1 
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<fc$K, 3fc-f&3HK, ^'y^l?, -tcoiSftLfc 2o 

tK— ^s^coi# (cos 0 = 1) \cm^&£.i&-7u 
^7A3 0 0^tUt, 

10 112] — ^t"s/7"1 T% MLfe2offlI^ 

*tf— ^Si£^-f (cos 0 = 1) Kfflv^gffl:/ 

[0 113] — XTvfai** ig^L7fc2OC0g^ 

A4S#¥fra>o#j-££-?-s t # ( c o s 0 * 1 , 0) icm 

10 1 1 4] ^fy7'2/^fy7'4/^fs'7 , 5-C, 
aj7°D^5^3 0 0, 3 0 1, 3 0 2£rPftWH-*-£, * 
0, 30 1, 3 0 2*ffioT, ^EVzK— /VffflcOfgE-r >- 3( 

Ioii5] rco^-y tK— yVWtBS^^f— ^"V^CD^ 
fcfcftsr lefts o-c\ ttjJEftffffcJt^-cftab-cBSa 

10 1 1 6] y ^—^mnK-o^—^^^t^m-t 

-7n'^Xj,ft , fc5©^^JiLt, f-7 s 
lzmAsX\ &&V±*;tf—jVfflfaK'(l>'¥—y>'*.* 40 

[0117] — # % ^r^ZT, S^L7t20CQ^ 
[0 118] 7s4*Xs*y?-£a)n 50 
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[0119] r<©J:5KL-c, ft2Y^t^-^v^aj 
[0 12 0] gK x Z.<Z>m5<D®M7u— t£fl£5*^c 

w\ 2o<©*y#— ^asspfyot* ( cos0==1 ) (c 

10 fflV^giffl7'P^7A3 0 0t, 2o©*/Jt?-;W5|; 
^t5i* (cos 0 = 0) fcJB<^.5gtii7 , D;{'' 7 i» > 3 
0 1 k , 2 otf^E-y tf?— /u^^ff £ £ 

(cos 0*1,0) Kffl^sgiH^p^As 0 2 k& 
5^¥m>££Kf±gffi7*n^ 7 A3 0 0£&v\ jg. 
o^jl^-f 5 <k £ fciigtffirn try A 3 0 2 £M$o-OfB 

!0 [0121] j&k:, l2 6©&S7n— fcov^TiftijiH- 

^^fflyU-^V 21114, 
exp(-jkr) *?exp(-jkr 0 ) [l-jk(r-r 0 )] 
kfflSl-tZftm*- * 1 KftoT^y tf-^IUBBE-f ^ 

exp (- jkr) exp (-jkr 0 ) [ 1-jk (r-r D ) -k a (r-r 0 ) V2] 

tf-yv^^jgti±i«ia«riifT-f-sg£m7'D^5A4 0 1 

exp(-jkr) i?exp(-jkro) [l-jk(r-r 0 )-k 2 (r-r 0 ) 2 /2+jk 
3 (r-ro) 3 /6] 

kWkt&W&.'r—* 3 icao-c*/ A-IHWE-r v 
f-^VX©gtffi*aS4rj|fr#-5g£ai7 0 D ; 7*7A4 0 2 

[0 12 2] ^Oi£fiaS;^fc^5J: 5fi, ^m^nj/ 
7A4 0 0(i N 1:^7*0/7^4 0 1, 4 0 2<£9fc*: 

fc, g£ffl7'D ; ?'7^4 0 1 »± % ^7*0^7^4 0 2i 

So irT, HSOftl7n- T'KWUfc.fcpte, ^£ffl 

/P/7A400, 401, 4 0 2 ©-"e-n-F^tt, m 

7A<t % 20©*yjJf-A,aSjttSe^-5i^ fC ffi V ^|| ffl 
[0123] fBSX >- tf— ^•>'^g[tti/U— ^> 211 

its Heoaa^D-tttsw^fctt, ♦as-i'vtr-y 



25 

mt$i& (a) \^vc^.xm.^(Dt^t^nm^x, o.i 

exp (- jkr) ^ exp (- jkro) [ 1- jk (r-r 0 ) ] 

1 fflco^ai7°a ^ 4 o o *nftfuj-*- „ 

[0 12 4] — y/lt^ jl^b^: 2 OtO^j?? 

«s#»«s*LSjBte*©aH-** (a) kh^-chs 

©«**r»oCDd»S*»*«l»rL-C, 0. 11 

exp(-jkr) ^exp(-jkr 0 ) [l-jk(r-r 0 )-k a (r-r 0 ) 2 /2] 

0 1 iSrPFtFtfW-o 
10 12 5] — 2u xfy/3t, miRL.it 2<3©g^ 

exp (-jkr) ^ exp (- jkro) [ 1- jk (r~ro) -k 3 (r-ro) 2 /2+ jk 
3 (r-ro) 3 /6] 

[0 126] ^fj'7°2/^f ?/4/^f j'T'SX?, 
iljyp^7A400, 40 1, 4 0 2£-PftffcH-f * 
0, 40 1, 4 0 2£r«oT, ^7 tK— A-McofgE-O' 

[0127] rco^e/ztf— yv-fflfflS^^tf— 

5 - t ifi x% 5 <£ 5 * So 
[0 12 8] /HHffiE'f 

[0 12 9] — ^t-j/7 b 7'C, ig#lL;fc2^C0giSf 
-CgfcH Lfc* / jK— /MWHE-i' V f— £*-co*£ 
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[0130] r©i 5klt, «2-f J'tr-^f^nttH 

[0 13 1] Hfc, r®g|6©iai7D-|Clif5i'&t 

ffl(Cfiil7'a^7A4 0 0i:, *y7K— /KOfi$aStf><t 
©£#tefflV^«i!^^— *2ffl©J|tU^n^9iK4 0 1 
10 £> */t^— A'<©ft£#ft^£*fcfflV^5i!r<ei'Jr— 3 

©^iiiSfi^ctt:-i-cMv^^:#^c^*^tB7 o ^^7A4 o o 

fi^ir^fctt^ffiT-nj/^^O 2**-3"t«E-T^tr 
[0 13 2] jWd, I2 7©«!.a7n— fcoV>-ClftBJ-t- 

5. ftE-f^tf— yx^jitai/u— ^^2 1 1 f±> rcji 

H7 (a) ©ffil7n-^ti5(^ 9zT*to 

s> y^»<i:*n^2o©jfn*aRLr, ±«£L-;fcg 

ffl/n^5^3 0 0, 3 0 1, 3 0 2^ffi7*Di/7-^ 
4 0 0, 4 0 1, 4 0 2*60^ rcOSS?U7t 2OC0 

[0 13 3] iOiSIWlSnS^y*— A/MttE-T^ 

30 Z=e- Jkrt [(ao+a 3 k'+a. k 4 + ) 

+ j (a-i/k + a ! k+ a 3 k 3 + • • • • )] 

[0 13 4] m^X. ^T-VflX, itHlbTh^yjK- 

-7a^^<S/fT?fc5t*t(i, rOiftfia. *2 

40 a«ufcse*3»f— 7^^yf-e&5^ 

(cfi, rco«|kll[ai«>2ffll»«[*fl«k7r-fA'5 0 

[0 13 5] £©J:$fcL-Cx fl*7r^B o otc 

tta* a>a^tt-t«>2Mi^Mt!»**i**t*Jiifc* 

5o ffiE^Vtf-^^^itai/U-^^2 1 1 tt, 

2#BlSil»©JSI«3fcii s »S*^Si, El 7 (b) fiO&S 

50 ©»**:51«U'Cx «*7T'1'A'5 0 0*»6, *©20 



27 

[0 13 6] iffivvt, ?^2t, -5-COgE^.aiL7t^ 

(k) 

z = g--ji.ro [( ao +a 3 k a +a 4 k* +••••) 
+ j (aVk + ai k + a 3 k 3 + • • • • )] 

y faft £ tlfc 2 o©K*W©«E-|' V fcf— **V* £g 

[0137] ^ so <t 5 {' lt, ms.^^^— yisxum 

Z=e -J— o [( ao + a2 k 2 +a*k 4 +■■••) 
+ j (aVk + a, k + a 3 k 3 + • • • • )] 

fix 

Z = e - Jfc " [(J Jaodvde+k 3 J Ja a dvde+k a I S a*dv 
de+ • • ) +j((l/k) J J a -xdvde+k J J a^dvde+k 3 f 
J a 3 dvde+ • • )] 

£^5 «fc5fc«8fe«a 1 0 2fifl^fl[«r#»-Cx 2#g 
«* (k) *ftA-#-6ri-CR*|l]<Offi2-f VbT-yv 
[0 13 8] rw^m^Sf-^oT, ffi2^^tf— 

S-f^tf—^^ foJx J: 5tefc*. r. 
©fflE^v^-^v^cDgfifcH^jfcf*, jftflc (k) 
Ut 4 «^fc«[ai J ^ , ■?:«0 2MI»«*s»tb^S;v^4:# 

[0 13 9] 
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[0 14 0] Ldifc, mmfflows.^ ?>>*<D*t 

[Si] *S§W©JSS«rit0T&5o 

[0 2 J *3BW©-J(|Jt«-ejfeS 0 

IBS] KMft1t&#t&7°??J*09lfrt6fl!M7u 

[El 4] ftlS^^tr— ^^®RMH-Cfc«o 
[15] ffiE-O-tf-y^gtttJ^— ^ >"0?SfcfH-<5« 
20 I7n-tfe5, 

[1216] «E^^tf-^^#tfJA--^>'©||fft- S«L 

[0 7] fflS-Y^-tf-^^^^ai^— ^vcoltfir-rs^ 

[HI 8] ftEWVtf-^^oWttJRWH-C&C. 
[0 9] ttEYV'tf— ^^©KWBB-Cfc*. 
[0io] WE-i'V'br— ^>^<o»fflRWHT?a>*. 

I ^s;^. i"-->g >-^tt 

30 10 A^7#lfe 

I I &tm 

1 2 ws^is* 

1 3 mm^gt 

1 4 C«#ft 

15 -> ? ^- U— -> g 
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